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HIGH-IMPACT, ENERGY-ABSORBING cylinders were placed adjacent one another, forming a longi- 
VEHICLE BARRIER SYSTEM tudinal row of cylinders positioned along the track side. 
Smaller diameter cylinders were placed on the traffic-side 
CROSS-REFERENCE WITH RELATED face of the longitudinal barrier and positioned and attached at 
APPLICATIONS 5 the recessed regions between the larger cylinders to minimize 
the potential for vehicle pocketing. This barrier system was 
This application claims the benefit of U.S. Provisional crash tested using a 1,248 kg vehicle impacting at a speed of 
Application No. 601605,775, filed onAug. 3 1,2004, which is 121 .O k m h  and an angle of 20.8 degrees.After compressing 
incorporated herein by reference. several of the cylinders, the test vehicle was smoothly redi- 
l o  rected, exiting the system at a speed of 70.0 km/hr and an 
STATEMENT REGARDING FEDERALLY angle of 15.0 degrees. However, the vehicle's velocity change 
SPONSORED RESEARCH OR DEVELOPMENT and exit angle were both relatively high. 
In 1998, a polyethylene energy dissipating system (PEDS) 
Not applicable. was developed for use on oval racetracks. The PEDS barrier 
15 system was configured using high-density polyethylene 
BACKGROUND OF THE INVENTION (HDPE) cylinders covered by a thick HDPE skin on the front 
and top of the cylinders. To expedite construction and repair 
111 recent Years, automobile racing has become one of the of the PEDS system, the barrier was designed and fabricated 
most popular sporting events in the United States and abroad. in modular units attached to the concrete wall using a cable 
Autoracing's~o~ularity is evidencedb~ thenumber ofweek- 20 restraint system. The cover skin was used to reduce the poten- 
end auto races, extensive fan support and corporate sponsor- tial for vehicle pocketing in the front face and reduce or 
ship, and 24-hour cable television coverage. In addition, the eliminate the potential for the extremities becoming 
sport's popularity is seen in the wide variety of race series caught in the openings between the cylinders. During the 
available for drivers and spectators, including the Indy Rac- running of an IROC race at the Indianapolis Motor Speedway 
ing League (IRL), IVASCAR's car and truck series, FOR- 25 in August, 1998, driver Arie Luyendyk was involved in a 
MULA 1, CART, and IROC. crash which resulted in his IROC car impacting rearward on 
In automobile racing, high-performance vehicles travel the PEDS barrier installed downstream from the inside comer 
many times around an oval track at very high speeds. Many of of turn four. The estimated impact condition for this event 
these tracks utilize outer retaining or containment walls, typi- consisted of a 1,633 kg car striking the barrier at a speed of 
cally in the form of substantially rigid concrete barriers, to 30 209 k m h  and an angle of 32 degrees. Remarkably, the driver 
prevent race vehicles from leaving the track. Unfortunately, sustained no serious injury from this severe impact event. 
race vehicles frequently lose control and impact the rigid These relatively positive results were attributed to the PEDS 
outer containment wall, resulting in high-impact energies barrier and the excellent energy management of IROC 
and, occasionally, driver injuries and fatalities. Errant vehicles during re-ard impacts. The PEDS barrier, how- 
vehicles and driver injuries and fatalities do not occur only on 35 ever, sustained significant damage, and debris was spread 
race tracks, but on highways, interstates, autobahns, and other across the racing surface. Based on the impact performance of 
public roadways in the United States and abroad. An the PEDS barrier, several modifications were made to 
improved barrier system can mitigate the severity of high- increase its energy-absorbing capabilities and prevent the 
speed, high-energy automobile accidents and potentially units from becoming dislodged. 
reduce the number of injuries and fatalities on race tracks and 40 Beginning in 1999, researchers at the Midwest Roadside 
public roadways. Safety Facility (MwRSF) in Lincoln, Nebr. in cooperation 
Over the years, there have beenmany efforts to advance the with IRL and NASCAR, investigated several energy-absorb- 
state of the art of safety barrier design and construction. Some ing barrier concepts for use in high-speed racetrack and road- 
of the simpler proposed solutions consisted of loosely- way applications using both computer simulation modeling 
stacked foam blocks placed around the outer, exterior walls of 45 and full-scale vehicle crash testing. The energy-absorbing 
the track or roadway to reduce the severity of impact between properties and potential of both HDPE and foam materials 
the errant vehicle and the rigid wall. An impacting vehicle, were investigated. This testing and simulation indicated that 
however, can penetrate these foam blocks and strike the HDPE barrier systems allowed impacting vehicles to gouge 
retaining wall with little or no impact energy having been into the material and create snagging and pocketing, indicat- 
absorbed by the blocks. Further, portions of the foam blocks 50 ing to the MwRSF researchers that HDPE barrier faces 
can be knocked onto the track or roadway by the impacting offered no improvements or advantages over concrete barri- 
vehicle, creating a hazard for other vehicles that follow. Other ers. 
barrier designs have incorporated used rubber automobile Simulation and testing of vehicle barriers indicates that 
tires banded together at selected regions of road courses. lateral accelerations imparted to impacting vehicles and their 
Although these tire barriers offer significant impact attenua- 55 occupants can be greatly reduced by adding even modest 
tion, these systems capture virtually all impacting vehicles, amounts of energy dissipation to rigid barrier systems. Fur- 
significantly iricreasirig tlie total velocity change during tlie ther, testing has indicated that the utilization of relatively stiff 
crash and greatly increasing the risk of driver injury or fatal- longitudinal barrier elements would minimize vehicle 
ity. Further, tire barriers can allow vehicles to under-ride the rebound from the barrier. Subsequently, an energy-absorbing 
barrier and lead to intrusion into the vehicle's occupant com- 60 barrier system utilizing rubber energy absorbers with steel 
partment. This type of system is generally appropriate only reinforced fiberglass fender panels was developed. This bar- 
for locations where vehicle redirection is not practical, such rier design included a cable and strut mechanism by which the 
as the gore areas created at tight hairpin tums. fender panels were attached to the vertical concrete backup 
In the late 1 9 9 0 ' ~ ~  a barrier system known as the FLAG structure to allow the barrier to deflect rearward with limited 
barrier was developed. The FLAG barrier was a compression- 65 longitudinal motion. However, the relatively short "fish 
type barrier consisting of large diameter, thick-walled resil- scale" fender panels and the soft energy absorbers utilized in 
ient cylinders attached to a rigid concrete racetrack wall. The this barrier caused the system to deform around the front of 
the impacting vehicle, increasing the potential for snagging directions of vehicle travel and also provides energy dissipa- 
and/or high rebound angles at increased impact speeds. Fur- tion in both the impacting vehicle and the energy-absorbing 
ther, the cables and struts used to mount the barrier to the barrier, significantly reducing peak vehicular and vehicle 
backup structure also posedpotential snaggingproblems dur- occupant decelerations when compared to the decelerations 
ing high-speed impacts. 5 observed during an impact with a rigid containment wall. The 
mitigation of these high vehicular decelerations greatly 
SUMMARY OF THE INVENTION reduces the potential for serious injury or fatality as a result of 
the impact with the exterior containment wall. 
Accordingly, it is an object of the present invention to The barrier system of the present invention is designed 
provide an energy -absorbing vehicle barrier sy stem [or use on 10 primarily for use as protection for errant vehicles at high-risk 
high-speed race tracks and public roadways. locations such as on the outside of curves on race tracks and 
Another object of the present invention is to provide an heavily congested high-speed roadways. Since this new bar- 
energy-absorbing vehicle barrier system that reduces the rier is primarily, but not exclusively, a longitudinal barrier, the 
potentially harmful deceleration forces experienced by an technology has potential application as a roadside barrier in 
impacting vehicle and its occupants. 15 high accident locations such as curves in tunnels and con- 
It is a further object of the present invention to provide an ge~tedroadwa~s.  The technology also has application inret- 
energy-absorbing vehicle barrier system that reduces or rOfitting rigid bridge and permanent Or 
eliminates the potential for vehicle pocketing, gouging, or ra'y traffic barriers. For longitudinal barrier applications, the 
snagging in either direction of travel. systemwould primarily be intended to mitigate the severity of 
oblique-angle vehicular impacts. However, this technology Yet another object of the present invention is to provide an 20 
may also be applied to severe, high-impact events where 
energ~-absorbing barrier 'ystem of perpendicular impacts to the system are anticipated. These 
readily-available materials and that may be relatively easily higher-severity events include where crash tush- 
and quickly a damaging ions, end terminals, and tmck-rnOunted or trailer-rnounted 
A further the present is provide a attenuators are used. The technology of the present invention 
single energy-absorbing vehicle barrier configuration suit- 25 also may be used for energy-absorbing docks for tractor- 
able for impacts from either open-wheel or stock car vehicles. trailers and ships, 
The present invention provides for a high-impact, energy- Certain embodiments of the present invention were dis- 
absorbing vehicle barrier system. The barrier system gener- closed in U.S. patent application Ser. No. 1011 18,728, cur- 
ally includes a substantially rigid outer containment wall rently pending-in the united States Patent and Trademark 
coupled via coupling assemblies with an energy-absorbing 30 Office and incorporated herein by reference. 
inner impact wall, i d  energy-absorbing cartridges post 
tioned between the imvact wall and containment wall. A BRIEF DESCRIPTION OF THE DRAWINGS 
preferred embodiment of the barrier system of the present 
invention includes an impact wall comprised of a plurality of In the accompanying drawings, which form a part of the 
rectangular or square cross-sectioned steel tubes 35 specification and are to be read in conjunction therewith, and 
welded to one another to present a smooth, in which like reference numerals are used to indicate like 
uniform wall to passing vehicles. The impact wall generally parts in the various views: FIG. 1 is a perspective view of an energy-absorbing vehicle 
consists of a number of impact wall sections coupled with one barrier system, with parts broken away to show particular 
another by sliding splice units having beveled end faces. The details of construction; 
face of the impact wall may be coated with a lubricant, such 40 FIG, is a top plan view ofthe system ofFIG, 
as zinc-rich paint, to further minimize friction between the FIG, 3 is an enlarged view ofthe encircled labeled 
impact wall and an errant, impacting vehicle. The energy- 3 in FIG. 2, with parts broken away to show particular details 
absorbing cartridges, which in one embodiment consist of a o ~ c o n s ~ ~ c ~ ~ o n ~  
plurality of foam sheets, compress and crush between the FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 
containment wall and impact wall and absorb energy from a 45 2; 
vehicle striking the face of the impact mall. The deflection and FIG. 5 is an enlarged view of the encircled region labeled 5 
deformation of the impact wall tubes toward the containment in FIG. 1; 
wall further dissipates energy of the impacting vehicle. The FIG. 6 is a cross-sectional view takenalong line 6-6 inFIG. 
barrier system of the present invention is suitable for use on 2; and 
high-speed race tracks and public roadways, significantly 50 FIG. 7 is a view similar to FIG. 5 with Parts exploded. 
reduces peak vehicular decelerations experienced by an FIG. 8 is atop plan view of a portion of onem~bodimentof 
impacting vehicle and its occupants, minimizes the potential the energy-absorbing vehiclebarriersYstemem~lo~ing alter- 
for vehicle gouging, snagging, or pocketing ineither direction nating and energy-absorbing 
of travel, and mitigates the severity of vehicular FIG. 9 is an enlarged of the encircled portion labeled 
impacts. The coupling assemblies and sliding splice units 55 9 in FIG. 3; and 
provide for relatively easy and quick removal and replace- FIG. 10 is an enlarged view of the encircled portion labeled 
merit of damaged irripact wall sections. 10 in FIG. 2. FIG. 11 is a top planview of an embodiment of the energy- 
The new, high-impact, energy-absorbing barrier system of absorbing vehicle barrier system; 
the present invention was developed to mitigate the severity FIG, 12 is a top planview ofan embodiment ofthe energy- 
ofhigh-energy vehicular impacts. In impacts withrigid walls, 60 absorbing vehicle barrier system, 
vehicular decelerations are often maximized as the rigid wall 
does not displace and substantially all of the impact energy DETAILED DESCRIPTION 
must be dissipated by the vehicle structure (e.g. the vehicle 
body, engine, transmission, tires, etc.). The new barrier sys- As seen in FIG. 1, a high-impact, energy-absorbing vehicle 
tem of the present invention reduces the severity of an impact 65 barrier system 10 of the present invention generally includes 
when a vehicle strikes a containment wall at a high speed. The a, substantially rigid containment wall 12, an energy-absorb- 
system reduces or eliminates snagging or pocketing in both ing impact wall 14, a number of coupling assemblies 16 
5 
coupling the containment wall 12 with the impact wall 14, and 
a number of energy-absorbing cartridges 18 positioned 
between the containment wall 12 and the impact wall 14. It 
will be understood that the walls 12 and 14 of the barrier 
system 10 may be relatively straight (for use adjacent race 
track straightaways, for example) andor the walls may be 
curved for barrier system 10 installations adjacent to race 
track or roadway tums having a radius, as seen in FIGS. 1 and 
2. For example, in one embodiment suitable for installation at 
racetracks having shorter lengths or smalleritighter radius 
corners, the impact wall 14 is configured using pre-curved 
structural steel tubes 20 rolled to a specified, pre-determined 
radius and over a particular tube length prior to fabrication. In 
addition, the tubes 20may be configuredwitha tangent length 
on each end to allow for easier installation of the internal 
splice units (hereinafter described) and to provide for a more 
economical design. 
The containment wall 12 is generally constructed of 
heavily reinforced concrete, but may be constructed of stone, 
fabricated steel, or other substantially rigid material. The 
impact wall 14 of the present inventionis configured such that 
it can be easilv attached to an existinn containment wall 12 
u 
such as those typically used at race tracks and high-speed 
tunnels, or an entire barrier system 10, including impact wall 
14 and containment wall 12, may be constructed for newly- 
constructed race tracks and roadways. 
The impact wall 14 is preferably constructed from a series 
of structural steel tubes 20, as best seen in FIGS. 1 and 4. The 
tubes 20 preferably are hollow, have a rectangular or square 
cross-section, and are constructed of ASTM A500 Grade C 
steel having a tube wall thickness of %6 inches. It will be 
understood bv one skilled in the art that tubes 20 mav be 
cant, or other material to further reduce friction between the 
impact wall 14 and an impacting vehicle, reduce the change in 
velocity of the impacting vehicle and driver, and reduce the 
exit angle of the impacting vehicle. The lower surface of 
5 impact wall 14 may rest directly on the surface of the race 
track or roadway as seen in FIG. 6, or may be elevated slightly 
from the track or roadway surface by use of shims or supports 
positioned between the lower barrier surface and the surface 
of the track or roadway to permit water drainage and facilitate 
l o  removal of debris from between the impact wall 14 and con- 
tainment wall 12. 
The use of structural steel tubes 20 to form the impact wall 
14 allows the wall 14 to be manufactured from readily-avail- 
able structural materials and permits a wide range of barrier 
15 height, as measured from the track or roadway surface to the 
top of the device. In one embodiment designed for use at the 
Indianapolis Motor Speedway in Indianapolis, Ind. and dis- 
closed in U.S. patent application Ser. No. 1011 18,728 (incor- 
porated herein by reference), the impact wall 14 was formed 
20 of four (4) structural steel tubes 20 each having a rectangular 
cross section and a width of six (6) inches, the bottom tube 20 
having a height of approximately twelve (12) inches, the two 
(2) inner tubes 20 each having a height of approximately eight 
(8) inches, and the upper tube 20 having a height of approxi- 
25 mately ten (10) inches, for a total impact wall 14 height of 
approximately thirty eight (38) inches. 
In another embodiment, best seen in FIGS. 1 ,4 ,  and 6, the 
impact wall 14 consists of five (5) equal-size structural steel 
tubes 20 skip-welded above one another at the seam and with 
30 the stiffened seams located at strategically-placed elevations, 
for a total impact wall height of approximately forty (40) 
inches. This confirmration has stiffened seams at 8 inches. 16 
u 
constructed of a variety of materials having varying dimen- inches, 24 inches, and 32 inches above grade, in lieu of the 
sions and wall thicknesses suitable for dissipating energy of previously-mentioned four-tube embodiment having seams 
an impacting vehicle and resistant to snagging, pocketing, or 35 located at 12 inches, 20 inches, and 28 inches above grade. 
gouging. The materials and wall thickness are selected based This embodiment provides improved structural integrity. In 
upon the desired energy absorption. The tubes 20 are prefer- addition, it is not uncommon for open-wheel cars to lose 
ably coupled with one another by a series of stitch or skip control while traveling through a comer, thus resulting in a 
welds 22 spaced along the inner face of the tubes 20 (as seen rearward impact into the impact wall 14 of the present inven- 
in FIG. 6) and the outer faces of the tubes (not shown) to form 40 tion. In this embodiment, the reduced individual tube height 
impact wall 14 and presenting a substantially uniform, provides improved vertical positioning of the stiffened tube 
smooth face along the edge of the track or roadway, as seen in webs or seams and reduces excessive punching of the vehi- 
FIG. 1. The tubes 20 may also be continuously welded to one cle's rigid gear box and transmission into the lowest tube 20 
another, but stitch or skip welds 22 are preferred, as the by directing the rearward-impacting vehicle into the second 
energy of an impacting vehicle may, under some impact con- 45 tube 20 above grade. In addition, this configuration provides 
ditions, be additionally dissipated in a controlled manner as for a smaller unsupported distance for the front flange of the 
the tube 20 weld 22 interface fractures and gives way under lower tube 20 (i.e., a reduction from 12 inches to 8 inches and 
the force of the impacting vehicle. The tubes 20 may be 10 inches to 8 inches for the lowest tube 20 and second tube 
further coupled with one another at their inner faces by brace 20 above grade, respectively) and for a slight increase in 
members 24 extending across the inner faces of the tubes 20 50 moment capacity of the impact wall 14 due to the additional 
and perpendicular to the long axes of the tubes 20, as seen in stiffened seamslwebs that result from the addition of another 
FIG. 6. The brace members 24 are preferably constructed of tube 20. 
steel channel fixed to the tubes 20 by welding andor by use of It will be understood that the impact wall may be con- 
brace bolts 26 that extend through the brace members 24 and structed of a single unitary member or tube 20, or may be 
into or through bolt holes or apertures formed in the inner 
walls of the tubes 20. 
When welded or otherwise coupled with one another, the 
tubes 20 form the impact wall 14 and, as seen in FIG. 1, 
present a relatively smooth, continuous face to impacting 
vehicles that spreads the vehicle impact forces and the deflec- 
tion of the wall 14 over a relatively large area. The face of the 
wall 14 is preferably substantially vertical. This impact wall 
14 configuration also minimizes the potential for vehicle 
capture, gouging, pocketing, or snagging and serves to redi- 
rect an impacting vehicle at a relatively low exit angle relative 
to the wall. The outer, traffic-side face ofwall 14 is preferably 
galvanized or coated with a zinc-rich paint, low-friction lubri- 
55 constructed of any number of tubes 20 or other structural 
members having varying dimensions and wall thicknesses. 
The barrier system 10 of the present invention may include 
a single section of impact wall 14, or may be formed of a 
plurality of impact wall sections coupled with one another by 
60 splice units 34. In a particular multi-section embodiment such 
as that depicted in FIG. 1, the preferred length of each impact 
wall section is twenty (20) feet. In such a multi-section 
embodiment, internal "hidden" splice units 34 are slidably 
positioned within the tubes 20 at the joints between adjacent 
65 impact wall 14 sections and serve to couple the impact wall 14 
sections to one another at the adjoining ends of adjacent 
sections. In one embodiment, as seen in FIGS. 2 and 3, the 
splice units 34 have beveled, sloped end faces and are con- 
structed ofASTMA500 Grade C steel. The splice units 34 are 
coupled with the tubes 20 by one or more threaded brace bolts 
26 which extend through an aperture or hole in the brace 
member 24, through an aperture or hole in the wall of the tube 
20, and through an aperture or hole in the wall of the splice 
unit 34, as seen in FIG. 3. To couple together curved wall 
sections used at turns or comers having a radius, the splice 
units 34 may be slightly curved or bent to conform to the face 
of the wall 14 sections and the walls of the tubes 20. The splice 
units 34 are typically slidably connected with the tubes 20 by 
one or more threaded sliding splice bolts 38 fitted with a 
washer and extending through the tube slot 28 in the inner 
face of the tube and through an aperture or hole formed in the 
wall of the splice unit 34, as seen in FIGS. 3 and 6. When the 
brace bolts 26 and snlice bolts 38 are removed or loosened 
upper, threaded portion of the aperture. The sleeve is 
anchored in the containment wall and the rod is threaded into 
the sleeve. The sleeve and cable may extend through the entire 
thickness of the containment wall to vrovide additional cable 
anchorage strendh. 
- - 
Another, improved coupling assembly 40 for anchoring the 
impact wall to the containment wall is depicted in FIGS. 4,5,  
and 7 and generally comprises energy-absorbing straps 42, 
quick-release high-strength corrosion-resistant alloy load 
l o  pins 44, and steel mounting plates 46 for the strap-to-impact 
wall 14 and stran-to-containment wall 12 connections in lieu 
of the cable restraint assemblies previously described. It was 
observed by the inventors that the aforementioned cable 
restraint assemblies occasionally encountered failures during 
15 high-speed impacts. These failures either resulted from the 
threaded inserts becoming dislodged from the concrete con- 
- - 
sufficiently, the splice units may slide and telescope within tainment wall or from the partial to complete rupture of the 
the tubes 20, as will be further discussed below. It will be cable itself. These occasional failures occurred when the 
understood that the sliding splice bolts 38 may be eliminated impact wall 14 rebounded away from the outer containment 
in some non-longitudinal barrier applications, as in installa- 20 wall 12 during unloading or as the vehicle was redirected 
tions having substantially curvedwalls sections 14 that mould away from the barrier system following a vehicular impact. It 
not lend themselves to splice units 34 sliding and telescoping was observed that, on occasion, the wire ropelcable attach- 
within the tubes 20. ments did not provide sufficient energy-dissipation capacity 
The internal, "hidden" splice units 34 reduce the potential to prevent an axial overload of the ropeslcables and threaded 
that the sections of impact wall 14 will separate or that the 25 anchors. 
joints between the sections of impact wall 14 will open up The improved coupling assembly 40, which incorporates 
when a vehicle impacts the wall 14. The outer edges of the straps 42, provides an improved energy-dissipating, anchor- 
tubes 20 orwall sections may be beveled at the wall 14 or tube age system wherein the straps 42: (1) are allowed to stretch 
20 ends, such that the joints between sections of the impact during unloading and rebound of the vehicle away from the 
wall 14 have a shallow, V-shaped indentation 35, as best seen 30 containment wall; (2) provide improved management of the 
in FIG. 9. In addition, in the event a vehicle strikes the impact peak loads in the attachment system; and (3) prevent the 
wall 14 at or near a splice unit 34, the beveled end faces 36 of attachment system from being compromised. Quick-release, 
the splice units 34 and the beveled edges of the tubes 20 or high-strength, corrosion-resistant alloy load pins 44 (con- 
walls 14 serve to minimize the potential that an edge or corner structed from 17-4 HI150 stainless steel, for example) are 
of the splice unit 34 will penetrate the wall of a tube and 35 used to transmit the rebound load to the plates 46 coupled 
contact or snag the impacting vehicle, or that an impacting with the impact wall 14 and containment wall 12. The load pin 
vehicle will snag on an impact wall joint. The configuration of 44 diameter and material specifications are chosen to prevent 
the splice units 34 also results in a "bidirectional" joint excessive pindeformations during dynamic loading, to allow 
between sections of impact wall 14, in that the beveled end for easy removal after unloading, if needed, and to withstand 
faces 36 of the splice units 34 also ensure that the face of the 40 extremely corrosive environments near coastal regions as 
impact wall 14 will remain substantially smooth, continuous, well as in racetrack settings where various vehicular fluids 
and snag- and pocket-free regardless of the direction of travel may contact the surrounding barrier hardware. 
of the impacting vehicle. Finally, the splice units 34 allow for As seen in FIGS. 4, 5, and 7, an embodiment of the 
relatively rapid and easy replacement of impact wall 14 sec- improved coupling assembly 40 includes top and bottom 
tions when necessary, as will be further discussed below. 45 impact wall plates 48 fixed (e.g., by welding) to the interior 
The impact wall 14 and containment wall 12 are preferably face of the impact wall 14 and top and bottom containment 
removably coupled to one another by coupling assemblies. In wall plates 50 fixed (e.g., by bolts extending through slots in 
one embodiment, disclosed in U.S. patent application Ser. the plates) to the face of the containment wall 12. The impact 
No. 1011 18,728 and incorporated herein by reference, cable wall plates 48 and containment wall plates 50 include semi- 
restraint assemblies are positioned along and between the 50 circular-shaped protrusions through which a load pin 44 (as 
containment wall and the impact wall and serve to removably described above) may be inserted, as seen in FIGS. 5 and 7. 
couple the impact wall with the containment wall. In this The load pins 44 include radially-extending apertures near 
embodiment, the cable restraint assemblies are positioned each end of the pin 44 through which a cotter pin 52 may be 
along and between the impact and containment walls at inserted to retain the load pins 44 in place. The energy- 
approximately ten (10) foot intervals. The cable restraint 
assembly generally consists of a cable (preferably 9's" diam- 
eter galvanized wire rope), a ferrule fixed to an end of the 
cable, and a threaded rod fixed to the other end of the cable. A 
keyhole plate is positioned over the aperture in the wall of the 
tube and attached to the wall of the tube as by welding. The 
keyhole plate has a partially threaded keyhole aperture which 
receives the ferrule and a keyhole bolt or plug. An internally 
threaded sleeve is embedded in the containment wall and 
receives the threaded rod. The containment wall and impact 
wall are thus removably coupled by placing the ferrule 
through the aperture and sliding the cable downwardly into 
position in the aperture. The plug is then threaded into the 
5 absorbing strap(s) 42, which may be constructed of nylon or 
other suitable material and may be coated with a ultraviolet 
light-resistant material, have a loop or eyelet on each end. In 
one embodiment, a first end of the strap 42 is coupled to the 
upper impact wall plate 48 by passing a load pin 44 through 
60 the strap eyelet and impact wall plate 48 protrusions. As best 
seen in FIG. 4, the strap 42 is then extended across the void 
between the impact wall 14 and containment wall 12, looped 
over the load 44 coupled to the upper containment wall 
nlate 50. extended downwards to the lower containment wall 
65 plate 50, looped under the load pin 44 coupled to the lower 
containment wall plate 50, and extended across the void 
between the containment wall 12 and impact wall 14. The 
loop or eyelet on the second end of the strap 42 is then coupled 
to the lower impact wall plate 48 by passing a load pin 44 
through the strap 42 eyelet and impact wall plate 48 protru- 
sions. In this way, the impact wall 14 andcontainment wall 12 
are flexibly coupled with one another. The slackinthe strap(s) 
42, if any, may be adjusted by moving the containment wall 
plates up or down (via the bolts extending through slots in the 
plates, not shown) andor by placing crushable foam adjust- 
ment member(s) 53 between the containment wall 12 and the 
downwardly-extending portion of the strap 42, as seen in FIG. 
4. 
tridge 18 must be reasonable narrow and provide only mini- 
mal resistance, since the initial inertial forces must be man- 
aged as the steel impact wall 14 begins to move upon 
vehicular contact with lighter cars. As best seen in FIG. 10, 
5 cartridge brackets 58 made of tin, steel, plastic, or other 
suitable material may be coupled with the impact wall 14 by 
adhesive, welding, screws, bolts, or other means well known 
to those of skill in the art. The shape of the cartridge brackets 
58 generally conforms to the shape of the front region of the 
l o  cartridges 18, and the cartridge brackets 58 receive the front 
region of the cartridges 18 to ensure that the cartridges 18 are 
u u u 
This improved coupling assembly 40 provides enhanced properly positioned between the impact wall 14 and contain- 
energy-dissipation characteristics, offers greater structural ment wall 12 and to maintain the cartridges 18 in the proper 
integrity following a severe impact event, allows for the cou- position between the walls 12 and 14 during an impact to the 
pling system 40 to be reused without repair following high- 1s impact wall 14. 
energy impacts into the barrier system 10, andmitigates peak This same tapered cartridge configuration also provides an 
rebound loads by permitting the straps 42 to stretch, but not effective energy-management system for heavier, stock 
break, under dynamic loads in tension. vehicles (e.g., NASCAR series cars) that can compress nearly 
It will be understood that other mechanical coupling sys- the entire cartridge in "worst-case" impact scenarios. During 
tems having threaded, bolted, hooked, or relatively quick- 20 severe impacts, these heavier cars will easily crush the front, 
release connection mechanisms known to persons skilled in tapered stage(s) of the cartridge 18 and, subsequently, will 
the art may be used to removably couple the impact wall 14 crush the rearward stage(s) of the cartridge 18 where safe 
with the containment wall 12. The coupling assemblies 40 attenuationoccurs. In short, this tapered configurationallows 
serve to position the impact wall 14 adjacent the containment one cartridge configuration and spacing to be used for resist- 
wall 12, hold the impact wall 14 in an upright, vertical posi- 25 ing both open-wheel and stock car vehicle impacts without 
tion, prevent the impact wall sections from pulling away from the need to change cartridge configuration or spacing 
the containment wall 12, and spread the impact load over a between races. To accommodate the range of vehicle types 
greater length of the barrier system 10 by reducing the total and impact conditions, specially-designed blocks, sheets, or 
amplitude and increasing the period of the bending wave cartridges having varying structural andor physical proper- 
induced in the tubes that comprise the impact wall 14. 30 ties may be employed. For example, the foam blocks, sheets, 
As seenin FIGS. 1 . 2  and 8, energy-absorbing cartridges 18 or cartridges may have voids or hole reductions located in 
are positioned between the containment wall 13 and the strategic locations. As another example, alternating or stag- 
energy-absorbing impact wall 14. In one embodiment, dis- gered types or sizes, of blocks, sheets, or cartridges may be 
closed in U.S. patent application Ser. No. 1011 18,728 and used. Blocks, sheets, or cartridges manufactured from two or 
incorporated herein by reference, energy-absorbing car- 35 more types of materials having varying strength andor den- 
tridges consist of seven (7) DOW or OWENS CORNING sities also may be used. 
extruded polystyrene foam sheets 54, each approximately Finally, "partial cartridges" or "half cartridges" 55 may be 
two (2) inches thick and having a 15 psi stress rating, sand- used at certain spaced locations between the impact wall 14 
wiched together to form an energy-absorbing cartridge and containment wall 12, as seen in FIGS. 11 and 12. It will 
approximately fourteen (14) inches thick and twenty (20) 40 be understood that these so-calledpartial or half cartridges 55 
inches in width. The cartridges 18 are held in position abut either the containment wall 12 (as seen in FIG. 11) or the 
between the containment and impact walls by friction impact wall 14 (as seen in FIG. 12) but do not extend fully 
between the foam sheets 54 themselves, friction between the across the void between the impact wall 14 and containment 
outermost foam sheet 54 and the containment wall 12, and wall 12 and, as such, are subjected to loads or compression 
friction between the innermost foam sheet 54 and the impact 45 only in the event the impact wall 14 is deflected sufficiently 
wall 14. The cartridges also fit relatively snugly between the toward the containment wall 12 (e.g., during more severe, 
impact and containment walls and the cable or strap is rela- high-energy impacts) to impinge on and compress the partial 
tively taught, such that no significant gaps exist between the or half cartridge 55. 
walls and the cartridges sandwiched between them. It will be understood that the energy-absorbing cartridges 
In another embodiment, multi- or variably-staged energy 50 18 may be constructed of any number of materials and con- 
absorbing cartridges 18 are used to allow for one cartridge figurations, including polystyrene foam sheets or blocks, 
configuration to be capable of accommodating impacts with expanded bead polystyrene foam, friable polyurethane foam 
both open-wheel and stock car vehicles. In this embodiment, sheets or blocks of varying or constant thicknesses and 
which also may consist of a number of "sandwiched" foam widths, or rubber or HDPE cylinders or tubes positioned in 
sheets 54 (as previously described), the energy-absorbing 
cartridge 18 includes a tapered front region adjacent the 
impact wall 14 that provides reduced impact resistance or 
energy-absorbing capacity in one end of the cartridge. This 
tapered cartridge configuration, depicted in FIGS. 1 and 2, 
allows for an effective energy management system for lighter 
open-wheel cars (e.g., IRL cars) that compress only a portion 
of the total available crush distance with the energy-absorb- 
ing cartridge. For these lighter cars, a reduced cross-sectional 
area (and, therefore, crush resistance) is required in the front 
region of the tapered cartridge 18 in order to maintain accept- 
able vehicle deceleration levels when considering a lower 
vehicle mass. Therefore, the first portion of the tapered car- 
55 individual or concentric, telescoping fashion between the 
impact and containment walls. The energy-absorbing barrier 
system 10 of the present invention may be "tuned to accom- 
modate virtually any impact condition by adjusting the car- 
tridge 18 material, thickness, width, height, stress rating, and 
60 configuration. It will be understood, for example, that car- 
tridges 18 may consist of a number of sheets or blocks having 
varying widths so that a cartridge 18 has a substantially 
tapered, T-shaped, or trapezoidal cross-section as seen from a 
plan view. The cartridges 18 are relatively easy to remove 
65 from and reinstall between the impact and containment walls 
to enable the user to tune the stiffness and other performance 
characteristics of the barrier system 10 to match the expected 
impact conditions for a given site, such as impact speed, 
vehicle type and weight, and impact angle, and to replace 
compressed, crushed, cracked, or otherwise damaged car- 
tridges. 
In one tested embodiment of the barrier svstem 10 of the 5 
present invention, the energy-absorbing cartridges 18 con- 
sisted of seven (7) stacked sheets 54 of OWENS CORNING 
extruded polystyrene foam having a rating of 15 psi, each 
sheet 54 having a thickness of two (2) inches, a width of 
twenty (20) inches, and a height of forty (40) inches. The l o  
multi-sheet cartridges were spaced along and between the 
impact and containment walls at approximately ten (10) foot 
intervals on center. This embodiment was tested with an Indy 
open-wheel style vehicle weighing approximately 2,035 lbs 
striking the face of the impact wall 14 at an approximate 1s 
speed of 143 m.p.h. and an angle of approximately 20.7 
degrees. The vehicle contacted the impact wall at a point 
approximately ten (10) feet upstream of a joint between 
impact wall sections and slightly downstream of a cartridge, 
and exited the impact wall at a velocity vector angle of 20 
approximately 4.5 degrees. With this particular tube and car- 
tridge configuration, the tests indicated that the impact wall 
did not contact or "bottom out" on the containment wall and 
that the deceleration forces applied to the impacting vehicle 
and its occupant were substantially mitigated. It will be 25 
understood by persons skilled in the art that the barrier system 
may readily be tuned for specific applications. The number, 
material, and dimensions of tubes, the spacing of cartridges, 
and the configuration, thicknesses, and widths of foam sheets 
all may be adjusted depending upon several factors, including 30 
the expected impact angle, impact velocity, and vehicle 
type(s) (e.g. INDY open-wheel type andor NASCAR type 
vehicle, standard car, truck, etc.). In one installed embodi- 
ment of the present invention incorporating the tapered car- 
tridge configuration previously described, the cartridge 18 35 
was formed of a number of foam sheets 54 "sandwiched" to a 
thickness of approximately 22.0 inches, and the cartridges 
were spaced 1,707 mm (67.2 inches) on center. 
The barrier system 10 of the present invention may be 
continuous and surround the entire periphery of a race track or 40 
road way, or the system may be positioned at select locations 
along the periphery of the track or roadway, at turns or high- 
speed comers, for example. In the event the barrier system is 
not continuous, transition sections 56 may be provided at the 
upstream andor downstream ends of the impact wall. These 45 
transition sections 56, as the name implies, provide a smooth 
transition from the containment wall 12 to the impact wall 14 
and reduce the likelihood of a vehicle impacting and snagging 
on the blunt end of a section of the impact wall 14. The 
transition sections 56 may be constructed of tubular members 50 
like those of the impact wall, and may be coupled with the 
adjacent impact wall section by splice units similar to those 
previously described herein. 
In operation, an errant vehicle strikes the face of the impact 
wall 14. The hollow structural steel tubes 20 which comprise 55 
the impact wall 14 deflect towards the containment wall 12, 
compressing andor crushing portions or all of the energy- 
absorbing cartridges 18 between the deflected impact wall 14 
and containment wall 12. To ensure that vehicle and driver 
deceleration forces are minimized, the tubes 20 and cartridges 60 
18 are configured and spaced such that the deflecting impact 
wall 14 will not contact or "bottom out" on the substantially 
rigid containment wall 12, as discussed above. The energy of 
the impacting vehicle is absorbed by the elastic andor plastic 
deformation of the tubes 20, the compression andor crushing 65 
of the energy-absorbing cartridges 18, and the crumpling or 
crushing of portions of the impacting vehicle itself. 
In the event of a extremely high-speed impact, a tube or 
tubes 20, an entire impact wall section, andor one or more 
cartridges 18 may become plastically deformed or otherwise 
damaged such that replacement of a section of impact wall 14 
andor one or more cartridges 18 or portion(s) thereof is 
desired. The barrier system 10 of the present invention allows 
for relatively quick and easy repair and replacement of a 
damaged section of impact wall 14. To replace such a section, 
the coupling assembly 40 must be uncoupled from the impact 
wall 14, and the splice units 34 on each end of the section to 
bereplacedmust be slidably removed from the tubes 20 of the 
section to be replaced. To accomplish this, the brace bolts 26 
and sliding splice bolts 38 are typically first removed or 
loosened sufficiently such that the splice units 34 are disen- 
gaged from the walls of the tubes 20 and may slide and 
telescope within the tubes 20. The sliding splice bolts 38 are 
generally grasped and pulled to the side along the length of 
the tube slots 28 until the splice units 34 completely clear the 
joint between the section of impact wall 14 to be replaced and 
the adjacent section(s). The coupling assembly 40 is then 
disconnected from the impact wall 14 section to be replaced. 
The damaged section mav then be removed. and a new. 
u 
undamaged section installed in its place by coupling the new 
sectionto the adjacent section(s) via the spliceunits 34 and by 
coupling the new section to the containment wall 12 via the 
coupling assembly(ies) 40. In the event one or more energy- 
absorbing cartridges 18 are cracked, crushed, plastically 
deformed, or otherwise damaged, new cartridges 18, or parts 
thereof, may be readily replaced. This is accomplished by 
removing the damaged cartridge(s) 18 and positioning the 
new cartridge(s) 18 between the containment wall and impact 
wall section before an impact wall section is installed or by 
simply sliding new cartridge(s) 18 between already-installed 
and coupled impact and containment walls. 
It will be seen from the foregoing that this invention is one 
well adapted to attain the ends and objects set forth above, and 
to attain other advantages which are obvious and inherent in 
the device. It will be understood that certain features and 
subcombinations are of utility and may be employed without 
reference to other features and subcombinations. It will be 
appreciated by persons skilled in the art that the present 
invention is not limited to what has been particularly 
described above. Rather, all matter described above is to be 
interpreted as illustrative and not limiting. 
We claim: 
1. An energy-absorbing vehicle barrier system, compris- 
ing: 
a substantially rigid outer containment wall; 
an inner, energy-absorbing impact wall spaced from said 
containment wall, said impact wall comprising a plural- 
ity of impact wall sections in end-to-end, abutting rela- 
tion, each of said impact wall sections comprising a 
plurality of tubes coupled with one another, said impact 
wall having an interior face facing said containment wall 
and a vehicle-side exterior face, said exterior face having 
a radius of curvature and presenting a substantially 
smooth, uniform surface; 
a coupling assembly adapted to removably couple said 
imvact wall to said containment wall: and 
at least one energy-absorbing cartridge positioned between 
said impact wall and said containment wall. 
2. The system of claim 1, wherein each of said impact wall 
sections comprises five (5) tubes coupled with one another. 
3. The svstem of claim 2. wherein each of said tubes is 
approximately eight (8) inches in height and wherein the 
overall height of said impact wall is approximately forty (40) 
inches. 
US 7,410,320 B2 
13 14 
4. The system of claim 1, wherein said coupling assembly 12. The system of claim 1, wherein said energy-absorbing 
comprises a strap assembly removably coupled between said cartridge defines a plurality of voids. 
impact wall and said containment wall. 13. The system of claim 1, wherein said energy-absorbing 
5. The system of claim 4, whereill said strap assembly cartridge abuts said containment wall and is spaced from said 
comprises a strap having a first end and a second end, said 5 impact wall. 
strap assembly further comprising means for removably 14. The system of claim 1, wherein said energy-absorbing 
attaching said first end of said strap to said impact wall and cartridge abuts said impact wall and is spaced from said 
means for removably attaching said second end of said strap containment wall. 
to said containment wall. 15. The system of claim 1, further comprising at least one 
6, ~h~ system of claim 1, wherein said energy-absorbing 10 splice unit coupled between adjacent said wall sections. 
cartridge comprises at least one foam member. 16. The system of claim 15, wherein said splice unit is a 
7. The system of claim 1, wherein said energy-absorbing member slidably engaged with said 
cartridge comprises a tapered region adjacent said impact 
wall. 17. The system of claim 15, wherein said splice unit has a 
The system of claim wherein said energy-absorbing 15 pair of beveled ends, said ends received in adjacent said 
cartridge comprises a plurality of foam members. impact wall sections. 18. The system of claim 1, wherein said tubes are hollow 9. The system of claim 8, wherein the width of said foam 
structural steel members having a substantially rectangular 
member adjacent said containment wall is greater than the 
cross section. 
width of said foam member adjacent said impact wall. 
20 19. The system of claim 1, wherein said tubes are con- 10. The system of claim 8, wherein the cross-sectional area structed of ASTM A500 Grade steel, 
of said foal1 meillber adjacent said coiltaiiulleilt wall is 20, The system of claim wherein said tubes are coupled 
greater than the cross-sectional area of said foam member with one another by discontinuous welds, 
adjacent said impact wall. 21. The system of claim 1, wherein said exterior face of 
The 'ystem of 'laim wherein a plurality of said 25 said impact wall is coated with a substantially smooth, fric- 
energy-absorbing cartridges are positioned between said tion-resistant material, 
impact wall and said containment wall in spaced relation with 
one another. * * * * *  
